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ABSTRACT
I test the completeness of USNO-B detections of high proper motion (l > 180 mas yr1) stars and the
accuracy of its measurements by comparing them to the revised New Luyten Two-Tenths catalog of Salim &
Gould. For 14.5 < V < 18.5, only 6% of such stars are missing from USNO-B, while another 3% have large
errors, mostly too large to be useful. Including both classes, incompleteness is 9%. These fractions rise toward
both brighter and fainter magnitudes. Incompleteness rises with proper motion to 30% at l = 100 yr1. It
also rises to 35% at the Galactic plane, although this is only determined for relatively bright stars Vd 14.
For binaries, incompleteness rises from 9% at separations of 3000 to 47% at 1000. The proper-motion errors
reported internally by USNO-B are generally correct. However, there is ﬂoor of l  4 mas yr1 below which
the reported errors should not be taken at face value. The small number of stars with relatively large reported
errors (le 20 mas yr
1) may actually have still larger errors than tabulated.
Key words: astrometry — methods: statistical
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1. INTRODUCTION
Until recently, the New Luyten Two-Tenths (NLTT)
catalog (Luyten 1979a, 1980) was the only all-sky catalog of
high proper motion stars extending to faint magnitudes.
Since its completion more than two decades ago, after a life-
time of work by Luyten, the NLTT has served as an invalu-
able source of candidate subdwarfs, white dwarfs, and
nearby stars, as well as the basis for statistical studies of
Galactic populations.
However, the NLTT does suﬀer from several signiﬁcant
shortcomings. First, while most NLTT positions are accu-
rate to the nominal catalog precision of 1s  600, there is a
tail of errors extending out to several arcminutes and
beyond (Gould & Salim 2003; Salim & Gould 2003). This
means that a signiﬁcant fraction of NLTT stars cannot
easily be located. Second, the photographic magnitudes
(and especially colors) given by NLTT are not precise
enough to reliably classify stars using a reduced proper
motion (RPM) diagram (Salim & Gould 2002). Third,
NLTT is seriously incomplete at faint magnitudes both
close to the Galactic plane and in the areas south of the ﬁrst
Palomar Observatory Sky Survey ( < 33), especially
 < 45. Moreover, its completeness over the rest of the
sky is not deﬁnitively known.
Since these shortcomings signiﬁcantly limit NLTT’s
application to various problems, substantial eﬀorts have
been made to rectify them. For example, Reid & Cruz
(2002) cross-identiﬁed NLTT stars with the TwoMicron All
Sky Survey (2MASS; Skrutskie et al. 1997) entries, while
Bakos, Sahu, & Ne´meth (2002) directly identiﬁed stars from
the Luyten Half-Second (LHS) catalog (Luyten 1979b) on
the Digitized Sky Survey (DSS). LHS is a subset of NLTT
containing essentially all NLTT stars with proper motions
l > 500 mas yr 1, as well as some slightly slower than this
limit. The nominal threshold for NLTT is l  180 mas yr1.
Gould & Salim (2003) cross-identiﬁed NLTT bright stars
with three modern position and proper motion (PPM) cata-
logs,Hipparcos (ESA 1997), Tycho-2 (Høg et al. 2000), and
STARNET (Ro¨ser 1996), while Salim & Gould (2003)
cross-identiﬁed NLTT faint stars with counterparts from
USNO-A (Monet 1996, 1998) and 2MASS. Together these
make up the revised NLTT catalog (rNLTT). To the extent
that one can ﬁnd 2MASS counterparts of NLTT stars, they
can be placed on an optical/infrared color-magnitude dia-
gram, which allows much more secure RPM classiﬁcation
(Salim &Gould 2002).
Finally, several groups have worked to estimate the com-
pleteness of NLTT or, in some cases, improve it. Reid (1990)
made an independent search for stars exceeding NLTT’s
proper-motion threshold over a single high-latitude Schmidt
plate. Monet et al. (2000) searched for high proper motion
(l > 400 mas yr1) stars to faint magnitudes toward 1378
deg2. Gould & Salim (2003) directly measured the complete-
ness of bright (Vd 11) stars by cross-identifying Tycho-2
and Hipparcos stars. Flynn et al. (2001) estimated NLTT
completeness based on its internal properties, while I made a
parameterized measurement of NLTT completeness as a
function of magnitude as a by-product of my measurement
of the properties of halo stars (Gould 2003). In the appendix
to that paper, I argued that all the available evidence is con-
sistent with the following picture: NLTT is virtually 100%
complete for Vd 11 except near the plane, where it falls to
75%. At fainter magnitudes (and away from the plane), com-
pleteness falls gradually to 50% at V  18. Even at these
faint magnitudes, completeness is much higher for the small
subset of high proper motion stars, l > 500 mas yr1. To
rectify the relatively high incompleteness levels toward the
plane, Le´pine, Shara, & Rich (2002) have undertaken a new
intensive proper-motion search in this region.
With the publication of the long-awaited USNO-B1.0
(Monet et al. 2003), the prospects for improving, or perhaps
superseding the NLTT have taken a sharp turn for the better.
USNO-B1.0 is an all-sky PPM catalog based on deep photo-
graphic plates taken over about four decades in the north
( > 33) and two decades in the south. It contains 109
entries, which not only specify the adopted PPM (and errors),
but also the astrometric and photometric measurements at
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all the epochs that were combined to make these determina-
tions. The J2000.0 position listed for each object in USNO-
B1.0 is for epoch 2000.0, derived from themeasured positions
and calculated proper motion for each set of measurements.
Hence, multiple sets of measurements for a particular star
will have diﬀerent USNO-B1.0 positions.
However, although USNO-B1.0 is a monumental under-
taking, it cannot be used immediately to assemble a catalog
of high proper motion stars. By deliberate construction,
USNO-B1.0 contains entries for all sets of detections within
3000 that can reasonably be matched to a straight-line
motion over time (and which have not previously been
matched at higher conﬁdence to other such linear ensembles
of detections). These identiﬁcations were eﬀected without
making use of any additional information, such as photom-
etry. This means that USNO-B1.0 inevitably contains a
large number of false high proper motion entries. At high
latitude, it contains about 200 times more entries with
l > 180 mas yr1 than NLTT, meaning thate99% of these
entries are spurious, formed of incorrect matching of unas-
sociated stars or even of plate artifacts. As Monet et al.
(2003) emphasize, this contamination is deliberate. The cat-
alog’s compilers sought to allow its users to sift through all
possible associations to ﬁnd the most possible genuine high
proper motion stars. I will discuss several ideas for how to
go about doing this in x 6. However, before any of these are
actually implemented (or even precisely deﬁned), it is essen-
tial to understand the properties of the catalog itself, most
importantly its completeness.
In this paper, I study the completeness of USNO-B by
comparing it with the rNLTT as compiled by Gould &
Salim (2003) and Salim &Gould (2003). I perform two com-
plementary comparisons, one to rNLTT binaries and one to
single stars. Binaries in rNLTT are extremely well under-
stood because the supplementary notes to NLTT give infor-
mation on the separation and the position angle of the
components. These permit an extra check on the reality of
the rNLTT identiﬁcations. Binaries also constitute a subset
of NLTT that is of interest in its own right. Hence, if NLTT
is eventually extended using USNO-B, it will be important
to understand USNO-B’s completeness as a function of
binary separation. I will show that this completeness is
indeed a strong function of separation. Given this fact,
binaries may seem a poor proxy for the single stars that con-
stitute the vast majority of NLTT entries. I handle this
problem in two ways. First, I examine the binaries them-
selves at very wide separation where USNO-B is unlikely to
be aﬀected by confusion caused by companions. Second, I
examine single stars from rNLTT directly. Because they are
much more numerous, single stars also permit study of com-
pleteness as functions of apparent magnitude, proper
motion, and Galactic latitude. Single stars do have the
drawback that their identiﬁcations in rNLTT are not quite
as secure as are those of binaries, and this fact ultimately cir-
cumscribes the conclusions that can be drawn from studying
them. Nevertheless, the implications of the two comparisons
are broadly consistent, and thus each lends credence to the
other.
In x 2, I brieﬂy review the properties of the rNLTT. In
xx 3 and 4, I analyze the completeness of USNO-B relative
to, respectively, binary and single-star samples from
rNLTT. In x 5, I determine the accuracies of the USNO-B
proper-motion measurements and compare these to its
internal error estimates. Finally, in x 6, I discuss the pros-
pects for combining USNO-B with other catalogs to obtain
a clean, relatively complete sample of high proper motion
stars.
2. REVIEW OF THE rNLTT
The construction of the rNLTT was a huge undertaking,
which is laboriously documented in Gould & Salim (2003)
and Salim & Gould (2003). Here I review the basic features
of this catalog as they aﬀect the current paper.
As mentioned in x 1, bright (Vd 11) NLTT stars are
matched to bright PPM catalogs and faint NLTT stars are
(mostly) matched to pairs of stars from USNO-A and the
2MASS Second Incremental Data Release. Bright stars will
not be a major concern here because USNO-B does not
independently locate bright stars. Rather, it simply incorpo-
rates Tycho-2 entries directly into the catalog. Hence,
rNLTT and USNO-B typically have the same bright-star
entries, since they both come from the same source. Bright
stars are of interest only when they are components of
common proper motion (CPM) binaries. In this case, the
bright star is used solely to help establish the reality of the
identiﬁcation of its faint companion.
While the great majority of faint stars are identiﬁed as
USNO-A/2MASS pairs, some are found through several
other channels. First, if no plausible pair is found within 20
of the position given by NLTT, but a 2MASS star is found
within 1200 of the position predicted by NLTT, then it is
accepted as a match (provided it does not have a USNO-A
counterpart at the same position, which would indicate that
it is not a high proper motion star). The theory is that the
NLTT star is missing from USNO-A, which can happen
due to crowding, faintness, nondetection on blue plates, or
other reasons that are not discernible. Second, if there is a
unique USNO-A star within a 1600  800 rectangle of the
NLTT position but no corresponding 2MASS star, then it
also is accepted. In this case, it is assumed that the star is
missing from 2MASS. Third, if a star is located either in a
PPM catalog or as a USNO-A/2MASS pair, but its binary
companion is not, then the 2MASS catalog is searched at
the relative oﬀset predicted by the NLTT notes on binaries.
Companions within a few arcseconds of the predicted posi-
tion are accepted, provided they do not have USNO-A
counterparts (which again would indicate that they are not
high proper motion stars). Finally, a small number of stars
are identiﬁed by other means, for example, by conﬁrming
identiﬁcations of Bakos et al. (2002) using 2MASS.
At this point, rNLTT does not cover the whole sky. For
faint stars, it is restricted to the 44% of the sky covered by
intersection of the ﬁrst Palomar Observatory Sky Survey
(POSS I), roughly  > 33, and the 2MASS Second Incre-
mental Release. From the standpoint of doing statistical
studies, this is not a signiﬁcant limitation (e.g., Gould 2003),
but it does need to be kept in mind.
The rNLTT is about 97% complete relative to NLTT up
toRNLTT  17 (roughlyV  18) and is 95% complete 1 mag
fainter. However, in this last magnitude, the completeness is
heavily dependent on single-catalog detections, which are
less secure, while at brighter magnitudes the overwhelming
majority of entries are detected in both USNO-A and
2MASS (see Fig. 13 of Salim & Gould 2003). This is impor-
tant because, while the overall false identiﬁcation rate in
rNLTT is only 1%, these errors are probably concentrated
in the single-catalog identiﬁcations.
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The proper-motion errors in rNLTT are about 5.5 mas
yr1, but this excludes the 3  outliers (about 5%). However,
in the present context, it is important to note that very few
of these outliers lie beyond 30 mas yr1 (see Fig. 10 of Salim
& Gould 2003). While these errors are based on relatively
bright (Vd 12) USNO-A/2MASS detections, a separate
test on CPM binaries (but not reported by Salim & Gould
2003) shows that the errors do not evolve strongly with
magnitude.
The epoch 2000 positions (and hence the position errors)
come basically from 2MASS. These uncertainties in posi-
tion are typically 130 mas, but do deteriorate for the faintest
stars V  19 to about 300 mas or so. This will be important
when trying to evaluate the completeness of USNO-B in this
faintest bin.
Finally, I review the characteristics of rNLTT binaries.
The characteristic amplitude of the two-dimensional
proper-motion diﬀerences induced by errors in the measure-
ments of their relative positions is only 6 mas yr1. The
vector separations given by the NLTT notes are generally
accurate to less than 100 (see Fig. 8 of Salim & Gould 2003).
This permits an additional check on all stars that are
members of binaries. When the two components are found
separately, they must have the oﬀset predicted by the NLTT
notes. There are few enough candidate identiﬁcations that
do not that satisfy this condition that these can be individu-
ally checked to insure that they are correct. For companions
that are not identiﬁed independently, the precise prediction
for each one’s position allows identiﬁcation with good con-
ﬁdence (and additional checks for the handful of suspicious
cases). Thus, the 2MASS-only binary detections can be
accepted with much higher conﬁdence than is the case for
single stars.
3. USNO-B COMPLETENESS FROM BINARIES
To determine USNO-B completeness, I consider a
restricted set of rNLTT binaries. First, I examine only
binaries for which both components are detected and for
which these components are separated by at least Dh  1000.
Closer binaries can be blended in USNO-A, which leads to
unreliable proper-motion measurements. Second, I exclude
components of wider binaries that are themselves members
of closer binaries. This includes both triple systems recog-
nized by NLTT, as well as NLTT ‘‘ single stars ’’ that are re-
solved by the Tycho Double Star Catalog (TDSC, Fabricius
et al. 2002). Third, I exclude all binaries for which both com-
ponents have PPM identiﬁcations. As mentioned above,
USNO-B generally takes over the Tycho-2 proper motion
for these stars, so they contain no information on USNO-B
completeness. Next, I exclude all binaries for which one
component has a USNO-A–only identiﬁcation because the
additional checks discussed at the end of x 2 are not avail-
able for these stars. This leaves 548 pairs, of which 85 have
at least one component that is detected in 2MASS only. I
put these latter aside for the moment and return to them
later. Hence, 463 pairs remain.
To match these stars, I ﬁrst search within 100 of their pre-
dicted position in USNO-B. There are only 12 multiple
matches, and these are easily resolved by hand. For the non-
matches, I increase the search radius to 300, which leads to 13
additional matches, all but one within 200. Of the 463 pairs,
377 have USNO-B identiﬁcations for both components, 67
have USNO-B identiﬁcations for one component, and 19
have neither component identiﬁed in USNO-B.
Figure 1 shows the diﬀerence in the proper motion of
the two components of the 377 binaries as measured by
USNO-B and rNLTT. Of course to make this ﬁgure, I have
included only binaries with independent detections of both
components in each catalog. Figure 1 has three notable fea-
tures: a diagonal plume, a vertical plume, and a dense knot
close to the origin. The diagonal plume consists of pairs that
are not physical pairs and were misidentiﬁed as such by
Luyten. Both rNLTT and USNO-B agree on this verdict.
The vertical plume consists of pairs that Luyten correctly
identiﬁed as physical (or at any rate correctly identiﬁed as
having very similar proper motions), as conﬁrmed by
rNLTT. The fact that USNO-B ﬁnds large proper motion
diﬀerences between the components indicates that one or
both measurements are erroneous. Note that there is no
similar horizontal plume, which would consist of real CPM
binaries that were conﬁrmed as such by USNO-B but mis-
measured by rNLTT. Finally, the dense knot consists of
binaries that are conﬁrmed by USNO-B and rNLTT to be
physical. The inset shows that, while some of this relative
motion may be real orbital motion, most of the scatter is
uncorrelated between USNO-B and rNLTT and so is prob-
ably due to measurement error. The bold curve shows the
contour to the left of which I conclude that one of the
USNO-B measurements is in error. After inspection of
these, I ﬁnd that in one case, both are in error. There are
three points that do not lie within this contour, nor in the
dense knot, nor in the diagonal plume. In the following, I
will assume that these are accurate measurements.
Figure 2 shows the individual components of the 463
binaries analyzed above (i.e., all pairs for which both
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Fig. 1.—Magnitudes of the diﬀerence in the vector proper motions of
NLTT ‘‘ binaries ’’ as measured by rNLTT (Gould & Salim 2003; Salim &
Gould 2003) and USNO-B. The dense knot at the bottom left contains
CPM binaries as determined by both USNO-B and rNLTT. The diagonal
plume is non-CPM pairs as determined by both surveys. The vertical plume
is CPM or near-CPM binaries for which USNO-B shows signiﬁcantly dis-
crepant proper motions. These pairs (deﬁned by the bold boundary) are
taken to have at least one erroneous USNO-Bmeasurement.
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components have independent rNLTT proper-motion
measurements but excluding pairs for which both compo-
nents were detected in PPM catalogs). These 463 pairs
contain a total of 157 PPM stars, so the ﬁgure shows
2  463  157 = 769 stars. Of these, 32 (shown by ﬁlled
circles with error bars) are erroneously measured compo-
nents from the pairs lying inside the contour in Figure 1.
The error bars indicate the proper-motion diﬀerence (i.e.,
the ordinate from Fig. 1) in units of 200 mas yr1 from
USNO-B measurements. The ﬁlled circles without error
bars represent the 96 stars that were not detected in
USNO-B. When a star was detected in USNO-B but its
companion was one of the 96 that were not, I checked its
proper motion against rNLTT. The seven cases for which
the diﬀerence exceeded 25 mas yr1 are shown by a star.
The remaining 634 stars, which are deemed good proper-
motion measurements, are shown by small dots. The V
magnitudes and Dh separations are taken from rNLTT.
Figure 2 has two striking features. First, the ‘‘ problem
stars ’’ (poor measurements and nonmatches) are concen-
trated at separations Dh < 6000. Second, in the region
Dh > 6000, they are concentrated at bright magnitudes
V < 13.5. Hence, one may already conjecture that these two
problems are due to three eﬀects, crowding (at very close
separations), confusion (at moderate separations), and satu-
ration at bright magnitudes. Plots (not shown) of problem
stars versus position in celestial and Galactic coordinates
reveal no obvious patterns.
To obtain a more complete picture, it is necessary to
include the 2MASS-only detections from rNLTT. There are
85 such binaries, of which 39 have one component identiﬁed
from PPM catalogs. Hence, there are an additional
2  85  39 = 131 stars for which USNO-B completeness
and accuracy can in principle be tested. Of these, 59 are
missing from USNO-B. When the remaining matches
agree between USNO-B and rNLTT, I conclude that the
USNO-B measurement is correct. There is a serious dis-
agreement in only one case. By comparing the separations
as listed in the NLTT notes and rNLTT, I ﬁnd that the
USNO-B proper motion is incorrect. In all the cases for
which components are missing from USNO-B, comparison
of the NLTT and rNLTT separations conﬁrms that the
proper motions of the two stars is similar enough that the
2MASS-only companion should have been recovered in
USNO-B (if it had been there).
Figure 3 shows the components of these rNLTT binaries
that were (points) and were not (ﬁlled circles) detected by
USNO-B. The one USNO-B detection with a bad proper
motion is indicated with an error bar. Both the underlying
rNLTT sample and the USNO-B nondetections are heavily
concentrated at small separations and faint magni-
tudes. This is reasonable. Most stars that are missing from
USNO-A are either too crowded or too faint to be reliably
detected. Proximity to a companion is one possible cause of
crowding. These same features would make them diﬃcult to
detect in USNO-B (which is working oﬀ of the same and
similar plate material). However, occasionally stars are
missing from USNO-A for no discernible reason. If these
stars were also preferentially missing from USNO-B, then
one would expect a high relative density of solid circles
among the relatively faint (13.5 < V < 19), well-separated
(Dh > 6000) stars, which appear so reliably detected in
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Fig. 2.—Recovery of NLTT binary members in USNO-B as functions
of apparent V magnitude and angular separation Dh > 1000. Small dots
represent recovered stars whose proper motion agrees well with rNLTT (as
deﬁned by the bold boundary in Fig. 1). Filled circles are components that
are either not found or whose proper motions do not agree well with
rNLTT. In the latter case, the error bar indicates the size of the discrepancy
in units of 200 mas yr1. Star symbols indicate stars recovered by USNO-B
whose companions were not recovered and whose proper motions are
discrepant with rNLTT. Binaries are included in this plot only if each
component has a proper-motion measurement in rNLTT. Individual
components whose measurement came from PPM catalogs rather than
USNO-A/2MASS are excluded, since USNO-B did not measure them
either.
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Fig. 3.—Similar to Fig. 2, except for binaries that have at least one com-
ponent detected by rNLTT in 2MASS only. For these, proper-motion
information can be obtained by comparing 2MASS-epoch separations with
those given in the NLTT notes. Close separations and faint magnitudes are
overrepresented here relative to Fig. 2 because these stars are preferentially
missing fromUSNO-A.
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Figure 2. That this is not the case will be important in the
interpretation of the single-star results reported in x 4.
Figure 4 shows the cumulative distribution of ‘‘ problem
stars ’’ (relative to all stars) as a function of binary separa-
tion. Problem stars are deﬁned as those that were not
detected in USNO-B, or whose proper motions are signiﬁ-
cantly in error (Figs. 2 and 3, ﬁlled circles and stars).
This cumulative distribution is restricted to stars V > 13.5.
For Dh  6000, the problem rate is 9/203 = 4.5%, while for
3000  Dh < 6000, the rate is 17/164 = 10%, and for
1000  Dh < 3000, it is 97/346 = 28%. Apparently, the detec-
tion problems increase substantially for Dh < 6000 and do so
muchmore dramatically for Dh < 3000.
These results are somewhat puzzling. While problems at
Dh = 3000 are easy to understand, it is much more diﬃcult to
account for problems at Dh = 6000. USNO-B attempts to
associate unmatched stars at displacements up to 3000 of
their counterpart’s position at a previous epoch. Hence, a
binary companion at 3000 (which would of course be initially
unmatched by the preliminary algorithm that matches non-
moving stars) could easily cause confusion. Stars at some-
what greater separation could still create problems if their
proper motions moved them within 3000. However, the prob-
lem stars have rather typical proper motions for NLTT,
with almost all having l < 500 mas yr1. Such proper
motions would carry them only 1500 (and generally much
less) over typical 30 yr epoch diﬀerences. One is therefore
led to suspect some sort of selection eﬀect in the procedure I
have adopted. However, I am unable to think of any that
could produce this eﬀect.
Thus, on physical grounds, the problem rate should be
roughly independent of separation for Dh > 3000. The mean
rate at these separations is 26/367 = 7%. The number
expected outside Dh > 6000 is then about 15. Hence, the nine
actually counted is low by only 1.5 . The analysis of
binaries therefore indicates that for separations too large to
be aﬀected by confusion and fainter than V > 13.5, the
problem rate is about 7.1  1.4%. Inspection of Figures 2
and 3 shows that about two-thirds of these problem stars
are missing from USNO-B, and most of the remainder have
very signiﬁcant errors, of order 100 mas yr1 or larger.
Data for the stars shown in Figures 2, 3 and 4 are given in
Table 1. All binaries are listed in pairs of rows. Column (1)
is the NLTT number. Column (2) gives my assessment of
the USNO-B proper motion:1 means excluded from sam-
ple (generally because it is a PPM star), 0 means missing
from USNO-B, 1 (2) mean found in USNO-B but with an
incorrect proper motion and with (without) a USNO-B
companion (points with error bars and stars), and 3 means
found in USNO-B with a good proper motion. Columns (3)
and (4) give the rNLTT position. Columns (5) and (6) give
the rNLTT proper motion. Columns (7) and (8) give the
USNO-B proper motion. Columns (9) and (10) give the
rNLTT V and VJ. Column (11) gives the rNLTT three-
digit source code. In particular, 555 means identiﬁed in
USNO-A and 2MASS, 576 means identiﬁed in 2MASS as
an NLTT CPM companion to another rNLTT star, and
566 means identiﬁed in 2MASS only based on the predicted
NLTT position. The ﬁnal two columns give the separation
(in arcseconds) and position angle (in degrees) of the second
component relative to the ﬁrst. In the ﬁrst row, these values
are as given in the NLTT notes and, in the second, as given
by the rNLTT positions.
4. USNO-B COMPLETENESS FROM SINGLE STARS
To ﬁnd the incompleteness rate among single stars, I
search for USNO-B matches to rNLTT stars whose proper
motions are determined by ﬁnding counterparts in USNO-
A and 2MASS. That is, all PPM detections, all USNO-A–
only, and all 2MASS-only detections are eliminated. I also
eliminate all binaries and all stars that are regarded as single
by NLTT but are resolved in TDSC. These cuts deﬁne an
rNLTT sample of 20,798 stars. As summarized in x 2, the
proper motions for these stars are accurate to 5.5 mas yr1,
with very few outliers beyond 30 mas yr1. The overall mis-
identiﬁcation rate of the non-PPM stars in rNLTT is about
1%, but may diﬀer for this subset because the subset
excludes stars that were identiﬁed in only one catalog. The
errors in the 2000 epoch positions are dominated by 2MASS
astrometry errors and are therefore typically less than 0>2.
I again begin by searching within a 100 radius of rNLTT
stars, which yields 18,420 unique matches and 446 double
matches and one triple match. For the multiple matches, I
choose the better match by hand. I then search among the
1931 nonmatches for USNO-B entries lying within a 300
circle. For this larger radius, I accept only those stars with
proper motions within 200 mas yr1 of rNLTT or (in 11
cases) for which USNO-B has a ﬂag indicating a probable
match with NLTT. This procedure recovers a total of 130
matches, all unique. That is, there are net totals of 18,997
matches and 1801 nonmatches.
4.1. Characterization ofMatches
Figure 5 shows the magnitudes of the vector diﬀerences of
three diﬀerent proper-motion measurements: the abscissa is
the diﬀerence between rNLTT andNLTT, while the ordinate
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Fig. 4.—Cumulative distribution of problem stars (those missing from
USNO-B or with discrepant proper motions) ranked by binary separation.
There is a clear break at 3000 due to the onset of confusion caused by the
presence of a companion within this radius. Apparent breaks in the curve at
wider separations are consistent with statistical ﬂuctuations.
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is the diﬀerence between rNLTT and USNO-B. The ﬁgure
has three prominent features: a dense horizontal plume along
the x-axis extending out to115 mas yr1, a much less dense
vertical plume centered at30 mas yr1, and a still less dense
vertical plume centered at 90 mas yr1. The ﬁrst vertical
plume extends down to the horizontal plume, but the second
appears to cut oﬀ below150mas yr1.
The horizontal plume occurs because there is a tail of
NLTT proper-motion errors extending out to 100 mas yr1
and beyond. USNO-B conﬁrms that the rNLTT measure-
ments are correct, which is what gives this plume its hori-
zontal character. Salim & Gould (2003) generally searched
for 2MASS counterparts to USNO-A candidates only in a
500 radius around the position predicted using the NLTT
proper motion. Since the typical epoch diﬀerence between
these surveys is 43 yr, the maximum proper-motion
diﬀerence is 500/43 yr  115 mas yr1, which accounts for
the cutoﬀ.
The two vertical plumes (separated somewhat arbitrarily
at Dl = 60 mas yr1) contain, respectively, 647 and 168
stars above 50 mas yr1. The ﬁrst vertical plume is due to
large USNO-B errors. The fact that the plume is centered at
30 mas yr1, which is the size of the (two-dimensional)
NLTT proper-motion errors (Salim & Gould 2003), means
that NLTT conﬁrms the rNLTTmeasurements. About 37%
of this plume is made up of bright (V < 14.5) stars, although
these make up only 22% of the whole sample. Thus, large
errors are overrepresented at bright magnitudes but extend
to faint stars as well.
The second plume is due to false identiﬁcations in
rNLTT, i.e., pairs of unrelated USNO-A and 2MASS
stars that happened to have approximately the vector
separation predicted by the NLTT proper motion. These
tend to be found near the edge of the 500 search circle
(which contains the most area). About half of these
points have V > 18.5 despite the fact that these faint
stars comprise only 6% of the sample. Such false identiﬁ-
cations are most likely when the NLTT star is absent
from USNO-A, and this occurs most frequently for faint
stars. The plume appears to begin at 150 mas yr1
because the 2MASS star does not have a high proper
motion. Hence, the ordinate is roughly equal to the
rNLTT proper motion whose scale is set by the
proper-motion limit of NLTT, 180 mas yr1.
4.2. Cleaning rNLTT ofMisidentiﬁcations
Since on the order of 15% of rNLTT entries are either
missing from USNO-B or have USNO-B counterparts with
very discrepant proper motions, while only 1% of rNLTT
entries are the result of misidentiﬁcations, one could ignore
these misidentiﬁcations without a major impact on the esti-
mate of the overall USNO-B error rate. However, as ana-
lyzed in x 4.1, rNLTT misidentiﬁcations are concentrated at
faint magnitudes. Hence, for purposes of understanding the
USNO-B error rate as a function of magnitude, it will be
important to remove the rNLTT misidentiﬁcations to the
extent possible. The comparison with USNO-B oﬀers a
unique opportunity to do this: one may assume that when
USNO-B and rNLTT agree on the vector proper motion of
a star (located to within 100), both catalogs are correct.
Thus, one need focus only on the nonmatches and the
discrepant proper motions.
I begin by investigating the stars with vector proper-
motion diﬀerences 100 mas yr1, i.e., the two vertical
plumes in Figure 5. For each such star, I examine the two
epochs of the DSS1 (DSS 1 and DSS 2) to see if the rNLTT
star actually moved and if so, whether it moved in approxi-
mately the direction given by rNLTT. If it did, I assume that
the motion was properly measured by rNLTT because, as
discussed in x 2, rNLTT proper-motion errors are small
with very few outliers. If it did not move, I assume that the
rNLTT identiﬁcation was incorrect. I restrict this investiga-
tion to northern stars  > 5. For southern stars, the ﬁrst
epoch can be quite late, so that there is only a very short
interval between DSS 1 and DSS 2. This can make it
extremely diﬃcult, or in some cases impossible, to determine
if the star moved. While POSS I is in principle available in
digitized form from the USNO Web site, the turnaround
time for requests is about 20 minutes, making large-scale
investigations of this sort impractical. I return to the prob-
lem of the southern sky, 33 <  < 5, below ( = 5 is a
convenient dividing line because it is approximately at the
center of a band that is virtually completely missing from
the 2MASS Second Incremental Release, and so from
rNLTT).
Of the 400 such stars, I examined the ﬁrst 265 in order of
right ascension. This was suﬃcient to determine the pattern:
the great majority of rNLTT misidentiﬁcations are stars for
which rNLTT and NLTT disagree on position by Dh > 5000.
The handful of misidentiﬁcations with Dh < 5000 mostly had
vector proper motions that diﬀered by Dl > 70 mas yr1
between rNLTT and NLTT. I therefore continued the DSS
inspections only for stars with either Dh > 2500 or Dl > 50
1 See http://archive.eso.org/dss/dss.
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Fig. 5.—Magnitude of the vector diﬀerence of proper motions as given
in three catalogs: rNLTT, NLTT, and USNO-B. The abscissa is the
diﬀerence between rNLTT and NLTT, while the ordinate is the diﬀerence
of rNLTT and USNO-B. Inset shows an expanded version of the knot at
bottom left. Theoretical arguments predict that the vertical plume to the left
(at 30 mas yr1) is due to errors in USNO-B, while the one at 90 mas
yr1 is due to misidentiﬁcations in rNLTT.
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mas yr1. Figure 6 shows the results of this study. The
dashed line
D
100
þ Dl
1 mas yr1
¼ 90 ð1Þ
roughly speciﬁes the boundary between the rNLTT and
USNO-B errors: the great majority of the stars to the top
right of this boundary are rNLTT misidentiﬁcations, while
the great majority to the bottom left are USNO-B errors.
Figure 7 is a blowup of the two vertical plumes identiﬁed
in Figure 5. This conﬁrms that the right plume is primarily
due to rNLTTmisidentiﬁcations, while the left plume is pri-
marily due to USNO-B errors. Note that there are very few
rNLTT misidentiﬁcations with rNLTT/USNO-B vector
diﬀerences below 150 mas yr1. This is because for almost
all such misidentiﬁcations, the 2MASS star is not moving
signiﬁcantly. USNO-B then properly measures this star as
not moving, so the proper-motion diﬀerence is equal to the
rNLTT proper motion. Since NLTT selects stars by
l  180 mas yr1, the rNLTT proper motions are rarely far
below this cutoﬀ. Hence, it is not necessary to inspect DSS
for the stars with proper-motion diﬀerences below 100 mas
yr1.
For the 921 nonmatches, I proceed similarly. I examine
each of the ﬁrst 50 stars, plus all the other stars with either
Dh > 2500 or Dl > 70mas yr1. Since this search reveals only
three stars with Dh < 5000 and only one with Dh < 3500, I
assume that the great majority of the remaining stars (most
of which are tightly clustered at Dh < 1000) are valid rNLTT
identiﬁcations (see Fig. 8).
This search locates a total of 76 rNLTTmisidentiﬁcations
from among the 400 matches (having rNLTT/USNO-B
vector proper-motion diﬀerences greater than 100 mas yr1)
and 21 from among the 921 nonmatches. I estimate that
there are perhaps a dozen additional misidentiﬁcations
among the 75 + 716 = 791 stars that I did not examine
individually.
To estimate the number of misidentiﬁcations in the south,
33 <  < 5, I use equation (1). I ﬁnd that 78 out of the
201 matches with rNLTT/USNO-B vector proper-motion
Fig. 6.—Diﬀerences of vector proper motions (Dl) between rNLTT and
NLTT versus diﬀerences in vector positions (Dh) plotted for stars with
major proper-motion discrepancies (greater than 100 mas yr1) between
USNO-B and rNLTT. That is, for the vertical ‘‘ plumes ’’ in Fig. 5. How-
ever, this diagram is restricted to stars with  > 5, whereas Fig. 5 contains
stars  > 33. The crosses and circles represent rNLTT misidentiﬁcations
and conﬁrmed identiﬁcations, respectively. The dots are stars that have not
been speciﬁcally checked, but their position on this diagram argues that
they represent correct rNLTT identiﬁcations (and so are actually USNO-B
errors.) The great majority of misidentiﬁcations lie to the top right of the
dashed line given by equation (1).
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Fig. 7.—Blowup of the two vertical plumes from Fig. 5 with the same
stars displayed (and with the same symbols) as Fig. 6. This diagram
conﬁrms the argument given in x 4.1 that the left plume is composed
primarily of USNO-B errors and the right plume primarily of rNLTT
misidentiﬁcations.
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Fig. 8.—Similar to Fig. 6 except for rNLTT stars that are missing from
USNO-B.
No. 1, 2003 COMPLETENESS OF USNO-B 479
diﬀerences greater than 100 mas yr1 lie beyond this bound-
ary. Of course, some of these are not misidentiﬁcations,
while other misidentiﬁcations lie within the boundary or
appear as nonmatches. However, since the total number of
such stars is expected to be small, perhaps a few dozen, they
do not signiﬁcantly inﬂuence the statistical inferences
derived in the following sections.
Finally, I comment on potential rNLTT misidentiﬁca-
tions among the binaries. There are not expected to be many
because the overall rNLTT misidentiﬁcation rate is 1% (as
found by Salim & Gould 2003 and conﬁrmed just above),
and the vast majority of these have position diﬀerences
Dh > 5000 from their NLTT-predicted positions. In the case
of binaries, their oﬀset from their CPM companion is given
by the NLTT notes. Hence, the chance of a misidentiﬁcation
when the rNLTT oﬀset agrees with the NLTT notes is
extremely small. The main possibility for a misidentiﬁcation
is simply that Salim &Gould (2003) failed to properly check
the small percentage of cases for which the oﬀset is large, in
order to conﬁrm that these resulted from a transcription
error. I therefore began by rechecking the four cases for
which USNO-B failed to conﬁrm the rNLTT proper motion
(to within 30 mas yr1) or failed to detect the rNLTT star,
and for which rNLTT and NLTT disagreed on the oﬀset by
more than 500. One of these four (out of a total sample of 714
rNLTT binary members) was found to be a misidentiﬁca-
tion, i.e., a rate of 0.1%. To be certain, I then individually
inspected the 26 ‘‘ problem stars ’’ on which I based the pri-
mary conclusions of x 3 (i.e., those with binary separations
greater than 3000) on DSS. As expected, no additional
misidentiﬁcations were found. The one rNLTT misidentiﬁ-
cation found by these procedures was removed prior to
making the analysis reported in x 3.
4.3. Comparison byMagnitude
Figure 9 shows the fraction of problem stars as a function
of V apparent magnitude. The fraction that are ‘‘ bad ’’ or
missing is denoted by a ﬁlled circle whose error bar is esti-
mated from Poisson (actually binomial) statistics. The frac-
tion that are simply missing from USNO-B is denoted by a
cross. Here ‘‘ bad ’’ means that the amplitude of the vector
diﬀerence of the USNO-B and rNLTT proper motion
exceeds 30 mas yr1 and also exceeds twice the USNO-B
proper-motion errors. Recall that very few rNLTT stars
have errors as large as 30 mas yr1 (Salim & Gould 2003).
Among those designated ‘‘ bad,’’ three-quarters have
proper-motion diﬀerences exceeding 40 mas yr1 and
one-half exceeding 100 mas yr1.
The results presented in Figure 9 are broadly consistent
with those discussed in x 3 but contain more detail. The frac-
tion of USNO-B stars that are either unmatched or have
bad proper motions is consistently9% over the magnitude
range 14.5  V  18.5. This is consistent, within statistical
uncertainties, with the estimate 7.1%  1.3% from wide
binaries. Also in agreement with the binary analysis is the
fact that about two-thirds of these problem stars are
unmatched, and the remaining one-third have large proper
motion errors. However, the much better statistics allow
one to discern that the problems with bright stars actually
extend beyond the V = 13.5 boundary inferred from
Figure 2 to the V = 14 bin. Finally, there is a clear worsen-
ing in the ﬁnal bin, V = 19, both for missing and large-error
stars. One might be concerned that the rNLTT errors them-
selves grow worse at these faint magnitudes which, if true,
would artiﬁcially inﬂate the number of USNO-B stars with
apparently large errors. However, this potential problem
would not aﬀect the unmatched stars, which show the most
severe worsening for this bin.
One may be concerned that the results shown in Figure 9
are biased because the rNLTT sample does not include
NLTT stars that lacked counterparts in USNO-A. If such
nonidentiﬁcations are correlated between USNO-A and
USNO-B, then the resulting incompleteness estimates
would be too low. In fact, this is a potential concern only for
the last two bins, V = 18 and V = 19. For 13  V  17, the
2MASS-only entries make up less than 1% of rNLTT stars,
so the correction is much less than this value. For the ﬁnal
two bins, the 2MASS-only entries make up 3% and 33%,
respectively. I ﬁnd that in each case, about 22% of these
2MASS-only stars are missing from USNO-B, while about
50% are either missing or have discrepant proper motions.
Even if these designations were taken at face value, the frac-
tion of problem stars in theV = 18 bin would only rise from
9% to 10%, which is barely signiﬁcant. By contrast the frac-
tion of problem V = 19 stars would rise from 13% to 25%.
However, the characterization of the 2MASS-only stars
must be interpreted very cautiously. In contrast to the
binary case, we have no independent conﬁrmation that the
2MASS-only identiﬁcations are real. In addition, if they
are, we have no assurance that the adopted NLTT proper
motions are correct. While Salim & Gould (2003) showed
that the total fraction of false identiﬁcations in rNLTT is
1%, these are very likely concentrated in the 2MASS-only
detections. Since less than 3% of the rNLTT sample has
2MASS-only identiﬁcations, no strong conclusion can be
drawn from the higher rate of USNO-B ‘‘ incompleteness ’’
of these stars. In addition, for the case of binaries (for which
we do have independent checks on the reality of the
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Fig. 9.—Incompleteness of USNO-B as a function ofVmag for a sample
drawn from rNLTT nonbinary stars with identiﬁcations in both USNO-A
and 2MASS. The crosses indicate the fraction that is strictly missing from
USNO-B. The solid circles add in the stars whose discrepancy with rNLTT
exceeds 30 mas yr1. For the majority of these, the discrepancy exceeds
100mas yr1. Error bars are based on counting statistics.
480 GOULD Vol. 126
identiﬁcations), there is no evidence for an especially high
incompleteness rate for 2MASS-only rNLTT identiﬁcations
at V  19. In brief, the incompleteness estimates shown in
Figure 9 are probably not seriously aﬀected by the exclusion
of 2MASS-only stars from the sample.
4.4. Comparison by ProperMotion
Figure 10 shows that USNO-B incompleteness gradually
rises toward higher proper motion. This is to be expected
from the intrinsic diﬃculty of identifying high proper
motion stars on plates separated by one to several decades.
It is somewhat exacerbated by the fact that USNO-B does
not attempt to ﬁnd counterparts whose plate positions diﬀer
by more than 3000 at diﬀerent epochs. Hence, very high
proper motion stars can be lost simply because they have
moved too far between epochs to be recovered. Note that
the fraction of bad proper motions actually shrinks toward
high proper motions. That is, if the star is recovered at all,
its proper-motion measurement is rarely seriously in error.
4.5. Comparison by Galactic Latitude
Figure 11 shows USNO-B incompleteness relative to
rNLTT as a function of (the sine of) Galactic latitude. The
sample is restricted to the magnitude range 13.5 < V < 18.5
for which overall completeness is a maximum (see Fig. 9).
As would be expected, incompleteness peaks sharply at the
Galactic plane.
However, Figure 11 should be interpreted cautiously.
NLTT (and so rNLTT) is seriously incomplete near the
plane at these faint magnitudes, increasing to 90% for
15 < V < 19 within |b| < 5=7 of the plane.2 Since it is not
known precisely what distinguishes the very few stars found
by Luyten from the vast majority that he missed, one also
does not know whether these are more or less likely to have
been found by USNO-B. For example, Luyten’s complete-
ness was higher for LHS than NLTT. See, for example, the
comparison of the studies by Monet et al. (2000) and Reid
(1990) given in the appendix toGould (2003). Since USNO-B
is more incomplete for these higher proper motion stars (see
Fig. 10), this eﬀect would tend to cause USNO-B incomplete-
ness to be overestimated. On the other hand, Luyten may
have preferentially recovered stars that were intrinsically
easier to ﬁnd, such as brighter stars. If USNO-B also had an
easier time recovering such stars, this would cause USNO-B
incompleteness to be underestimated.
We can get some handle on the latter problem by consid-
ering the sample of 141 non-NLTT stars satisfying |b| < 25,
500 mas yr1 < l < 2000 mas yr1,  > 2.8, and 9 <
R < 20 found by Le´pine et al. (2002). In order to compare
as directly as possible with the central two bins of Figure 11,
I further restrict this sample to the 40 (nonbinary) stars sat-
isfying |b| < 5=7 and 14 < R < 18. Of these, 20 have good
USNO-B matches, and another four have matches with
proper-motion discrepancies larger than 30 mas yr1. That
is, 40% are missing, and 50%  8% are either missing or
bad. These numbers are somewhat higher than the two cen-
tral bins of Figure 11. However, given that USNO-B incom-
pleteness is already known to increase at these
higher proper motions (see Fig. 10), the results are roughly
consistent.
Le´pine et al. (2002) suggest that their survey may be 99%
complete for 9 < R < 19 based on its eﬃciency recovering
NLTT and LHS stars. If this were true, then the above
analysis would imply that USNO-B is about 60% complete
even very close to the plane. However, Le´pine et al. (2002)
also allow that NLTT has preferentially found the easiest
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Fig. 10.—Incompleteness of USNO-B as a function of proper motion l.
Symbols are the same as in Fig. 9. The last bin actually includes all stars
l > 1259mas yr1.
2 Figure 14 of Salim & Gould (2003) is improperly labeled. In fact, the
solid (thin) histograms in the top and middle panels refer, respectively, to
main-sequence and subdwarf stars in the magnitude rangeV > 15.
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Fig. 11.—Incompleteness of USNO-B as a function of Galactic latitude
b. Symbols are the same as in Fig. 9. Because NLTT (and so rNLTT) is very
incomplete in the plane for Ve 14, this completeness test applies
essentially to brighter stars.
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stars, so that no strong conclusion can be derived from the
fact that their survey also recovered these. Indeed, this is
very likely the case, as one may verify by comparing
Figure 13 of Salim & Gould (2003) with Figure 3 of Le´pine
et al. (2002). The former shows that the NLTT ‘‘ luminosity
function ’’ for the whole sky begins falling only for
R > 17.5, while the latter shows that the luminosity func-
tion of Le´pine et al. (2002) stars begins falling for R > 14.
As argued by Salim & Gould (2003), the NLTT turnover is
a product of the turnover in the M dwarf luminosity func-
tion combined with the eﬀective distance cutoﬀ imposed by
the proper-motion selection (rather than a steep decline in
NLTT completeness). Since the proper-motion limit of
Le´pine et al. (2002) is about 2.8 times greater than NLTT,
one would expect this turnover to move 2.2 mag brighter.
The fact that it is actually 3.5 mag brighter therefore prob-
ably indicates incompleteness of Le´pine et al. (2002) at faint
magnitudes. Thus, at the present time, it is simply not possi-
ble to draw strong conclusions about the completeness of
USNO-B for faint stars close to the Galactic plane.
4.6. Restricting the rNLTT/USNO-B Comparison
to  > 5
Recall from x 4.2 that only the northern ( > 5) two-
thirds of the rNLTT were properly cleaned of misidentiﬁ-
cations. The procedure to remove misidentiﬁcations from
the south was cruder. Thus, one might wonder how Fig-
ures 9–11 would be aﬀected if they were restricted to
northern data. I ﬁnd that overall they look extremely
similar, with error bars that are about 20% larger and a
correspondingly larger scatter. The one major exception
is the central bin of Figure 11, which is reduced from
33% to 25%. However, as noted in x 4.5, the interpre-
tation of this bin is somewhat muddled in any case. In
addition, of course, the southernmost bin is completely
devoid of data if the south is eliminated and the neigh-
boring bin becomes highly uncertain as well. Since the
two sets of plots do not signiﬁcantly diﬀer, I show the
one representing all the available data.
5. PROPER-MOTION ERRORS
I determine the USNO-B errors as a function of Vmagni-
tude by calculating the rms diﬀerence between the rNLTT
and USNO-B measured proper motions and subtracting (in
quadrature) the rNLTT errors, l(rNLTT) = 5.5 mas yr
1.
The resulting external estimates per component of the
USNO-B errors are shown as open circles in Figure 12.
These estimates are derived by excluding 3  outliers, which
constitute roughly 5% of the sample for 13  V  18 and
12% for the remaining three bins. These external errors may
be compared with the rms internal errors shown as crosses,
which are computed from the errors tabulated for the same
stars in USNO-B. The two sets of estimates are in good
overall agreement, showing that both USNO-B and rNLTT
errors are well estimated on average.
How good are the individual USNO-B error bars?
Figure 13 shows external error estimates based on compari-
son with rNLTT as a function of internally reported
USNO-B errors. Again 3  outliers have been excluded and
the 5.5 mas yr1 errors of rNLTT have been subtracted in
quadrature. The internal error estimates are accurate over
the range 4–20 mas yr1. There appears to be a threshold of
l = 4 mas yr
1. USNO-B stars with listed error estimates
below this level should be reset at the threshold. In addition,
stars with reported errors larger than 20 mas yr1 may have
even larger errors.
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Fig. 12.—Proper-motion errors of USNO-B stars as a function of V
mag. Open circles show the estimate based on a star-by-star comparison
with rNLTT with 3  outliers removed and with the rNLTT error (5.5 mas
yr1) subtracted in quadrature. Crosses show the rms errors of the same
stars as reported by USNO-B. The error bars are based on counting
statistics. Generally, the agreement is quite good indicating that, on
average, both catalogs have estimated their errors correctly.
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Fig. 13.—Proper-motion errors of USNO-B as a function of internally
reported error estimates. Line indicates equality. Agreement is excellent for
4 mas yr1 <  l < 20 mas yr1. The leftmost point probably indicates
an error ﬂoor of l  4 mas yr1, even when the internally reported errors
are below this value. The relatively few stars with very large reported
proper-motion errors (l > 20 mas yr
1) may in fact have even larger
errors.
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6. DISCUSSION
As discussed in x 1, USNO-B cannot be consulted directly
as a high proper motion catalog because of the large number
of spurious entries. Here I brieﬂy outline several approaches
to using USNO-B to construct such a catalog.
First, USNO-B can be used to check the identiﬁcations of
NLTT stars by rNLTT. I have already done this for a large
fraction of stars by ﬁrst isolating the rNLTT stars that are
not conﬁrmed by USNO-B, and then investigating the
subset of these that arouse the greatest suspicion based on
disagreements between rNLTT and NLTT. This procedure
could be extended to the 2MASS-only and USNO-A–only
indentiﬁcations in rNLTT.
Second, USNO-B can be used to extend rNLTT to the rest
of the sky. For faint stars (Ve 12), rNLTT currently covers
only the 44% of the sky deﬁned by the intersection of the
2MASS Second Incremental Release and POSS I. After the
full 2MASS release, it will be possible to apply the approach
of Salim & Gould (2003) to the rest of the POSS I sky
( > 33), but this process would be extremely laborious. It
may be far simpler to simply match USNO-B to 2MASS.
This would eliminate the great majority of spurious USNO-B
entries. The USNO-B/2MASS matches could then be paired
to NLTT stars using the strategy described in x 3 of Gould &
Salim (2003). Moreover, this approach could equally well be
applied to stars south of POSS I where the method of Salim
& Gould (2003) fails because USNO-A is missing most high
propermotion stars in this region.
The problem of using USNO-B to overcome NLTT’s
incompleteness is more diﬃcult. Once USNO-B is
matched to 2MASS, as described above, one will be able
to determine the rate of spurious entries by comparing
with NLTT. It may then also be possible to recognize
such spurious entries based on the internal characteristics
of the matched entries. For example, discrepancies in the
photographic magnitudes at various USNO-B epochs, or
inconsistencies between the optical and infrared colors
could turn out to be eﬃcient indicators of spurious
entries. Astrometric inconsistencies between USNO-B
and 2MASS may also be useful indicators. Analogs of
both these approaches were used by Salim & Gould
(2003) when matching 2MASS and USNO-A.
More diﬃcult will be the problem of ﬁnding high
proper motion stars that are too faint and/or blue to be
present in 2MASS. For those stars in NLTT, the above-
mentioned approach of Gould & Salim (2003) may work
even without 2MASS counterparts. High proper motion
stars that were missed by NLTT and are absent from
2MASS as well will be most diﬃcult. Perhaps the most
promising prospect is the semiautomatic procedure of
Le´pine et al. (2002).
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manuscript. I thank D. Monet and the USNO-B team for
providing me with a copy of the USNO-B1.0 catalog. This
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